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COST-BENEFITS OF ADVANCED SOFTWARE:
A REVIEW OF METHODOLOGY USED AT KSC
By
Prafulla Joglekar

Abstract

To assist rational investments in advanced software, a formal, explicit, and multi-
perspective cost-benefit analysis methodology is proposed. The methodology can be
implemented through a six-stage process which is described and explained. The current
practice of cost-benefit analysis at the Kennedy Space Center is reviewed in the light of
this methodology. The review finds that there is a vicious circle operating. Unsound
nethods lead to unreliable cost-benefit estimates. Unreliable estimates convince
management that cost-benefit studies should not be taken seriously. Then, given extemal
demands for cost-benefit estimates, management encourages software engineers to some
how come up with the numbers for their projects. Lacking the expertise needed to do a
proper study, courageous software engineers with vested interests use ad hoc and
unsound methods to generate some estimates. In turn, these estimates are unreliable, and
the vicious circle continues. The proposed methodology should help Kennedy Space

Center to break out of this vicious circle.
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COST-BENEFITS OF ADVANCED SOFTWARE:
A REVIEW OF METHODOLOGY USED AT KSC
By
Prafulla Joglekar

Executive Summary

Advanced software (ASW) investment decisions are multi-stage, varied, complex,
risky, and controversial. Therefore, we need a systematic methodology to assist rational
ASW investment decisions. I propose a formal, explicit, and multi-perspective cost-
benefit analysis (CBA) methodology for this purpose. I outline a number of rich concepts
and principles of this methodology, and recommend a six-stage process for its
implementation. In the light of this methodology, my review of the current practice of
CBAs at KSC finds that the practice is seriously deficient.

The basic cause underlying these deficiencies is that we are caught in a vicious
circle described by the following paragraph:

At present, CBA studies fail to capture all the relevant concems. They measure only
selected costs and benefits using questionable assumptions and unsound methods. As
a result, the estimated costs and benefits are highly unreliable. Consequently,
management looks at CBAs not as decision-making tools, but as mere exercises in
generating numbers for external justification of decisions already made. Thus,
management does not take CBA studies seriously, and simply leaves the conduct of
CBAs up to the initiative of the software engineers involved in specific projects,
without any provision for additional resources and expertise needed for these studies.
Lacking resources, and the necessary expertise in economic analysis, but with vested
interests in justifying their projects, courageous software engineers use creative, but
ad hoc and unsound methods to conduct their CBAs. The resulting cost-benefit
estimates are highly unreliable, and certainly not worthy of use in any rational
decision-making. Thus, management's view that CBAs are to be used merely as
exercises in generating numbers for external justification is reinforced, and so on.
The vicious circle continues!

I recommend that at KSC, we should try urgently to break out of this vicious
circle. The methodology 1 have proposed provides one exit point to break out of this
circle. The other exit point is a change in management's perception of what a good
methodology can do, and its willingness to provide adequate resources and appropriate
expertise to the conduct of CBAs.
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COST - BENEFITS OF ADVANCED SOFTWARE:
A REVIEW OF METHODOLOGY USED AT KSC

1. Introduction

Advanced software (ASW) projects are exciting. They keep us at the cutting-edge
of technology; they help us develop and challenge the best minds in software
development; they promise to capture the knowledge and expertise of the brightest and
the most experienced personnel in the space program; they promise to minimize the
chance of a human error while maximizing the chance of rapid trouble shooting in a
launch count-down; and in general, they have the potential to help improve the
effectiveness and efficiency of the operations at Kennedy Space Center (KSC). With the
national focus on US coinpetitiveness, we ar¢ also looking forward to ASW projects that

promise commercial spin-offs.

As exciting as these promised benefits are, software development alone does not
ensure actual realization of those benefits. Often many other necessary conditions must
be obtained. For example, software such as Knowledge-based Autonomous Test
Engineer (KATE) and Reasoning Based on Intelligent Comnputer Operations and
Networking (RUBICON) will not enable us to actually reduce the manpower at the
Firing Room consoles until management is willing to deviate from the traditions and
practices that have clearly worked in the past, but that may be inferior and costly in the
future compared to the use of these ASW.

On the other hand, advanced software development is not necessary to obtain
certain improvements in operations efficiency. One well-known problem of today's
computer systems is that their true potential is seriously under-utilized. For example, we
are nowhere near realizing the reductions in hard-copy costs that are possible with the
electronic communication capabilities already in place. Thus, detractors of ASW often
suggest that what we need is not more investment in ASW, but more investment in the
training and in the management of a change in people's attitudes and habits necessary for
a fuller exploitation of the existing technology. Of course, proponents of ASW counter
that exploiting even a small fraction of the potentially huge benefits of an ASW project
may be well worth the costs of its development. Clearly, we need to identify the optimal
mix of resources to spend on ensuring fuller use of existing technology and on

developing new ASW.

In addition, there are a variety of interesting and challenging issues to resolve in
ASW investment decisions. Given many ideas for ASW projects and limited resources at
hand, we must decide which ideas to pursue and at what level of funding. By their very
nature, ASW projects take many years to complete and carry the risks of technical,
schedule, or operational failure. Thus, investment decisions pertaining to an ASW project
are not simple one-shot, yes-or-no type decisions, but multi-stage decisions requiring a

reassessment and redesign of the project at various stages in its life cycle. Below are a
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few examples of the many interesting and challenging issues one has to deal with when
making ASW investment decisions.

Some projects, such as the replatforming of the Shuttle Connector Analysis
Network (SCAN), seem unavoidable given the obsolescence of the current platform. Yet,
replatforming opens several possibilities for enhancements to current SCAN capabilities
(e.g., LRU trace-through, Automated retest, Wire trace diagnostics, etc.), and total
project costs depend upon the enhancements we decide to seek. We would be foolish not
to exploit some of these opportunities for enhancements. However, the larger the set of
enhancements we seek, the greater would be the project complexity and the consequent
risk of failure. Thus, the real issue to be decided here seems to be what specific
enhancements to seek and what not to.

Some projects, such as the Ground Processing Scheduling System (GPSS), seem
to deserve continued funding on the basis of their past and measurable successes.
However, the issue here may be who should fund it from this point on, and at what level?
If GPSS's benefits are clearly demonstrable and the costs of its further development will
be lower than its future benefits, is it time to spin it off as a commercial venture? Under
this approach, a private firm will have to fund GPSS's further development and share in
the rewards of its future success. Thus, a larger portion of Code C budget may be
available to fund other ASW projects which may be too risky for a private (and risk-
averse) entrepreneur but quite acceptable to a (risk-neutral) government. On the other
hand, because of the many complicated legal and political issues involved, attempts to
commercialize GPSS too soon could actually slow down its development and
implementation.

Other ASW projects such as KATE, and RUBICON seem to deserve continued
funding because they are based on truly visionary technologies. The issue here is whether
these ASW projects represent a situation of "a solution looking for a problem to solve,"
and whether given our desire for being at the cutting-edge of technology, funding of
visionary technologies is justified in and for itself.

Another issue pertaining to KATE and RUBICON seems to be the threshold level
of funding needed to keep these projects at a reasonably productive pace. For some
projects, no funding at all may be better than some funding below the threshold level.
One concem is that with the speed at which some ASW projects are proceeding, there
may be cheaper and better commercial products on the market long before our
development is complete. Considering that possibility, the question is: Are we simply
providing taxpayer-funded software development experience to the contractor?

When funding an ASW project (See Attachment A), we seem to budget for the
titne software engineers would spend on that project. In reality, the project uses many
other resources in the organization. Computer hardware, and office supplies are the
obvious examples of these. In addition, there are many hidden costs (hidden until we
recognize them). For example, to the extent that ASW projects attempt to capture
corporate knowledge and expertise, they require substantial time and cooperation from
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various experts. Unless these experts' time is explicitly budgeted for the ASW project,
project schedule and success may depend on the goodwill of the experts, and may even
risk neglect of the experts' normal duties which may be launch-critical today. Unless all
relevant costs of an ASW project are uncovered, added-up, and compared with the
project's likely benefits, one does not know whether that ASW development would be a

wise idea.

At the samne time, it should be realized that if the experts are not convinced of the
value of the project, or think that their jobs will be at risk once their expertise is captured,
software engineers will not succeed in capturing their expertise. In other words,
successful implementation of an ASW project often requires that each one of the many

stakeholders of the project should find it cost-beneficial from his/her own perspective.

In short, ASW investment decisions are multi-stage, varied, complex, and risky,
and their success depends on the cooperation of multiple stakeholders. It is no surprise
that while there are a few success stories, there are many more instances of project
failures, long delays, and wasted resources. Thus, most ASW investment decisions seem
to be controversial. It is therefore imperative that we develop a systematic methodology
to assist rational ASW investment decisions.

In Section 2, I propose a cost-benefit analysis (CBA) methodology to assist these
decisions. I had hoped to demonstrate the use of this methodology in a couple of actual
decision situations. Unfortunately, at KSC the concept of what a CBA methodology can
do, and where to apply it, seems to be very different than mine. At KSC, CBAs are used
to justify past decisions, or our preferred choices, to some external constituency. CBAs
are not seen as an assistance to decision-making. Indeed, ASW projects that are facing
serious decision points seem to avoid a systematic CBA. As a result, I did not really get a
chance to demonstrate the use of my methodology. On the other hand, as is clear from
the discussion in Section 2, I did have the opportunity to study several instances of the
current practice of CBA at KSC. Attachments A through D present the relevant excerpts
from the CBAs I studied. In section 3, I review the current practice as a whole and
contrast it with my methodology. Section 4 provides my conclusions and

recommendations.

237



2, The Proposed Methodology

Rational decision-makers always assess the costs, benefits, and risks of the
alternative choices they have. However, this assessment is often informal, implicit, and
only from a single (the decision-maker's) point of view. I recommend that at KSC the
assessment of ASW investment alternatives be formal, explicit, and multi-perspective.
Organizational decision-makers clearly recognize the need for a formal process of
assessment. An explicit assessment forces us to articulate all underlying assumptions and
verify their validity. An explicit process is also easier to study, improve over time, and
pass on from one generation of decision-makers to the next. Many researchers suggest
that a cost-benefit assessment be "objective." I believe that costs and benefits of an ASW
lie in the "eye of the beholder." In other words, assessments, by their very nature, depend
upon one's point of view, and hence are subjective. Instead of attempting to avoid this
subjectivity, I recommend that the assessment be from the point of view of each one of
the major stakeholders of an ASW investment. As I have suggested before, such a multi-
perspective assessment improves our chances of obtaining full cooperation from all the
stakeholders, and hence the chances of project success.

Rational decisions based on such a formal, explicit (therefore well documented),
and multi-perspective assessment need no further efforts to justify them to our superiors
or to the general public.

2.1  Richness of the Methodology

Formal CBAs have been done for over ninety years now, ever since the 1902
Harbor Act required that Army Corps of Engineers could build only those water projects
that could be shown to generate more money than they consumed. Given the language of
the Harbor Act, the foci of early CBA were on

(i) justifying a decision already made, and

(ii) quantifying all costs and benefits in dollar terms.

In many organizations, these foci continue to prevail even today. However, over
the years, as CBAs are done in a wide variety of organizations analyzing a wide variety
of decision situations, the CBA methodology has evolved considerably. In a previous
publication [1], I have reviewed this evolution, and clarified a number of common

misunderstandings about what a CBA methodology is, and is not.

Briefly, by now, we recognize that although a CBA can be used to justify a
decision already made, its most cost-effective use lies in arriving at the right decision.
We know that not all cost and benefits can be measured in dollar terms, if they can be
measured at all. We have developed a variety of techniques such as cost-effectiveness
analysis (CEA), cost-utility analysis (CUA), and technology assessment (TA) to
accommodate variables that defy measurement and valuation in dollar terms. More
importantly, we recognize that rational decisions can be made without forcing a
quantification of the non-quantifiable, or a prediction of the unpredictable. I see these
insights and techniques as an integral part of what call "the CBA methodology."

238



The most fundamental principle of the CBA methodology is to account for (not
necessarily quantify) all incremental costs and benefits resulting from a decision
alternative. To enable us to do this task properly, the methodology provides a number of
rich concepts and principles. For example, it describes the many different types of costs
and benefits we may encounter, including: direct and indirect; tangible and intangible;
fixed and variable; controllable and non-controllable; one-time and recurrent; etc. The
methodology emphasizes the need to account for the opportunity cost of an action. The
principle is to count the net benefits we would have reaped had we taken the best
alternative action instead of a given action, as a cost of the given action.

The methodology tells us to pay attention to the cause-effect as well as the multi-
producer-single-product relationships as may be present, and to attribute benefits and
costs to the causes or the producers, as appropriate. It incorporates concepts and tools to
adjust for the associated risks and uncertainties. In analyzing a multi-year stream of costs
and benefits, the methodology provides us with techniques for converting these multi-
year flows to comparable and consistent units, so that we do not "confuse apples for
oranges". In short, the methodology is very rich and insightful.

2.2 A Clarification of Some Common Misperceptions

Unfortunately, in the information systems literature, some scholars have
incorrectly equated CBA methodology with such financial techniques as intemal rate of
return or present value calculations. While accounting for the time value of money is an
important principle of CBA methodology, the methodology is much broader in its scope
than the narrow techniques it may use in specific analytical situations. I want to
emphasize that I am recommending a methodology, not a single technique.

A methodology includes not only a toolkit, but also an understanding of the
situations where each tool is most appropriate to use. Self-examination and improvement
are integral parts of a methodology. Thus, answers to questions such as "Is cost-benefit
analysis beneficial? Is cost-effectiveness analysis effective?" are legitimate parts of the
methodology [2]. We recognize that some times, the benefits of conducting a formal
and explicit CBA are not worth the time and costs required. The proposed methodology
welcomes a formal, explicit, and rational decision not to pursuc a CBA in such situations.

The methodology also requires that the scope and the level of detail of a CBA
study be consistent with the magnitude of the likely costs of a wrong choice in an ASW
investment decision, and with the time available for decision-making. A CBA study that
costs $10,000, when the largest possible difference between the net benefits of the best
and the worst choice is only $5,000, does not make any sense. Similarly, a study that
takes a year to complete will not assist a decision that must be made within a month.
Thus, in my view, a common fear, namely that a CBA will cost too much and take too
long, is simply a misperception of the methodology.
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One widely-held belief is that a CBA is useful only when a project is initially
approved or disapproved, and it has no role to play in subsequent decisions about annual
funding levels, etc., particularly so, if an original CBA was not conducted at the time of
initial project approval. Once the methodology proposed here is in place, there will be no
reason to assume that a CBA with properly defined scope and level of detail cannot assist
the current year's funding decision pertaining to an on-going project, whether an initial
CBA exists or not.

Of course, when an initial CBA does exist, the analysis in subsequent years is
considerably easier. This is so because under my methodology, the initial CBA for an
ASW project, incorporating Rapid Prototying (RP) and anticipating a three year
development cycle, would include a decision tree analysis (DTA) of the year-by-year
altemnative possible milestones of accomplishments and subsequent choices. Such a DTA
spells out precisely what to do, once we know which one of the various possible
milestones actually occurred during the previous year.

_ Perhaps the most pervasive misconception of the CBA methodology is that it
accounts only for the "economic” costs and benefits, and ignores the many Nnon-economic
values we seek. With that misconception, some people even suggest that a CBA has no
role to play in any government agency, let alone NASA, since government agencies exist
precisely because market forces fail to provide for certain non-economic societal needs. I
have shown elsewhere that economists in general, and CBA methodologists in particular,
have always concemed themselves with the capture of the non-economic values [1]. The
methodology I am proposing insists that all values, economic and non-economic, be
captured, and captured explicitly. When this methodology is implemented, perhaps its
greatest contribution may lie in the clarification of the real values at KSC, in such trade-
offs as between obtaining assured launch success using existing (and proven) technology
and developing ASW for more efficient and effective launch operations in the future.

2.3 A Process for Implementation

With this overall framework in mind, I propose that at KSC, we use the six-stage
process depicted in Figure 1 for assessing various ASW investment alternatives.

Stage 1 requires that the decision context of a CBA study be articulated
explicitly. That is, we must identify the decision alternatives to be evaluated in as
specific terms as possible. For example, in the SCAN replatforming project (See
Attachment A), evaluating the costs and benefits of the total replatforming effort does
not help any decision, since in face of the obsolescence of the current platform,
replatforming must be done. What we need is an assessment of the incremental costs and
benefits of each enhancement sought while replatforming. We must still assess the costs
and benefits of the basic (no enhancements) replatforming effort, but only to set the base-
line from which the incremental costs, benefits, and risks of an enhancement can be

assessed.
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A Process for Applying CBA Methodology to ASW Investment Decisions
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In addition, in this Context Articulation Stage, we identify all the major
stakeholders of an ASW project, define the horizon (one year, or five years, etc.) over
which benefits and costs will be assessed, guesstimate the upper and lower bounds on the
costs and benefits of each alternative, and make decisions on which altematives will be
the subject formal CBA studies, and from which stakeholders' points of view. In other
words, we make a judgment on which CBA studies would be cost-beneficial.

It is important to define a reasonably long but limited horizon. For example, it
does not help any decision we can make today, if we assess the costs and benefits KATE
assuming final completion and implementation of the total KATE vision, which is
estimated to need $27M in software engineers' time alone. At the current funding level of
$300K, it will take ninety years to realize that vision! (See Attachment B).

In the Context Articulation Stage, we should also begin to compile a list of
assumptions underlying our study. In subsequent stages, we should be diligent in
updating this list, as necessary.

Stage 2 requires the enumeration (or listing) of all the categories of changes
resulting from an investment in an ASW alternative, both during the development of the
ASW and after it is operational, but without going beyond the defined horizon. These
changes may be in:

(i) the use of resources including hardware, facilities, labor (both software engineers'
_ time, and supporting experts' time), etc.,

(ii) information input and output including quantity, quality, speed and timing,

(iii) NASA's mission performance including on-schedule and safe launches, maximum
productive use of available resources, being at the cutting edge of technology and
providing commercial spin-offs, etc., and

(iv) Contractor performance including profitability, productivity, etc.

We want to enumerate these changes not only in the sponsoring department (e.g.,
a vehicle flow manager in the case of GPSS), and the software development group, but
also in the various non-sponsoring but potentially affected directorates and contractors.
As suggested before, this may be important in obtaining the necessary cooperation from
the experts in various affected organizations, without risking a neglect of their normal
duties.

In addition to the above changes, we should also enumerate the technical,
schedule and operational risks associated with an ASW project. Also, we should not
forget to update the list of assumptions we began to compile in Stage 1. Indeed, as
depicted by the feedback arrows in Figure 1, 1 visualize the six stages of this process to
be overlapping, earlier stages requiring feedback and updating from later stages, and vice

versa.

In short, Stage 2 ensures that we account for all costs, benefits, and risks of an
ASW project, and their timings, within the defined horizon. It also ensures that
immeasurable costs, benefits, and risks remain as prominent in our analysis as the
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measurable ones. After all, making a decision (in Stage 6) inevitably involves a trade-off
between the measured and the unmeasured.

Once the relevant changes are enumerated, it is important to identify those that
defy any measurement (€.g., the quality of information), describe them as clearly and
completely as possible, and determine if they are still amenable to valuation (perhaps
through such approaches as the user's willingness to pay).

When feasible, measurement that occurs in Stage 3 is an important preliminary
to valuation. However, even in the case of the measurable, such as the reduction in
scheduling meeting durations attributable to GPSS (See Attachment C), we must have a
proper historical base-line measurement, and the ability to project that base-line into two
futures, one with GPSS implemented, and one without. Just because in the pre-GPSS
environment, we used to schedule a meeting for an hour, and we used to invite 106
people to this meeting, does not mean we can use 106 hours per day as the base-line.

We must examine as to how long these meetings actually used to last, and how many
people used to actually attend.

If nothing else, Stage 3 tells us what data we must begin to collect, so as to track
the performance improvements brought about by an ASW. In projecting the without-
ASW future, it is important to not assume a simple status quo from the history. We must
examine as to what other forces may be influencing the base-line. For example,
experience in scheduling past Orbiter flows may also help reduce the scheduling meeting
durations necessary for future flows.

Similarly, a reduction in weekend overtime, claimed as a benefit of GPSS (See
Attachment C) may also be the result of a simple management policy to not approve
certain types of overtime work regardless of what it does to the launch schedule, and the
result of improved logistics and operations technologies in OPF. What is important is to
isolate and measure the incremental contribution of GPSS to this reduction in overtime.

It is important in the measurement stage to identify the many co-producers (.e.,
necessary conditions) a proposed ASW may need in producing a benefit. For example, to
realize the savings in Firing Room manpower afforded by KATE or RUBICON (See
Attachments B and D), a co-producer is the necessary cultural and attitudinal change in
LCC management. When such co-producers are identified, one must estimate their
probabilities of existence during each year of the defined horizon, and then in Stage 5,
make the necessary adjustments (o the measured or valued annual benefits, by
multiplying the benefits with these probabilities. Thus, if the likelihood of a cultural
change is zero, the expected benefits of manpower reduction due to KATE and

RUBICON will be zero.

Another issue in the measurement of ASW project benefits is whether several
projects are claiming the same benefits. For example, both KATE and RUBICON may
be claiming the same reductions in the Firing Room manpower.
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On the cost-estimation side, a similarly complicating issue is one of the joint use
of same resources (e.g., the same computer and communications hardware) by many
different projects. We need to develop a systematic method for identifying the
incremental changes in these resources brought about by each ASW project.

Costs are often assumed to be easier to measure than benefits. However, in
identifying exactly what costs are incremental, there are many issues that need to be
resolved particularly in the contract management environment at KSC. If contractor
compensation is based on head-count, will not the savings in direct labor on one task
(brought about by an ASW) be simply "absorbed" (at least, in terms of their accounting)
by some other tasks? If demonstrated savings will be accomplished only in future years
through prudent contract negotiation, such a contract negotiation should be identified as a

co-producer of those savings.

In Stage 3, the idea is to measure the changes in resources in their physical units,
e.g., labor hours, CPU hours, etc. Then in Stage 4, we attempt an explicit valuation of
these resource changes. Of course, we may deliberately exclude some of the resource
changes from this valuation. For example, as long as the replatformed SCAN meets the
desired maximum access time requirements, we may not place an explicit value on the
system's actual access time. On the other hand, certain changes that could not be
measured (such as better quality of information) could now be explicitly valued at least
in subjective terms by the users of that information. This is possible as long as we do not
insist on valuing everything in dollar terms. Thus, at least until Stage 6, some changes
may be valued in dollars while others are valued on a "user satisfaction scale” of 1 to 10,

etc.

Separation of valuation from measurement is critical in the multi-perspective
analysis I am proposing. It allows us to recognize that different stakeholders value a
given change in resources very differently. For example, from a cost-plus-fixed-fee
contractor's point of view a cost saving has no positive or negative value. For an empire-
building manager, the reduction in the manpower under his supervision has a negative
value. If a fixed G&A pool will be collected by the contractor by the end of the year,
regardless of the direct labor hours involved, should not G&A be left out of the rate
NASA uses to value each labor hour saved? The proper labor rates to use in Attachments
B, C, and D can be arrived at, only when issues of this sort are resolved.

For many other resources such as computer hardware or office facilities, market
prices are commonly seen as an "objective" source of value. However, economists point
out that market prices are not value-free; they derive from a particular income
distribution and from existing institutional and legal arrangements. As such, at times it is
necessary to adjust market prices to reflect specific stakeholders values. For certain
benefits, such as the improved quality of decisions supported by an ASW, market prices
may not be available and valuation must be imputed from the relevant stakeholder's

beliefs, attitudes, and preferences.
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Clearly, a number of assumptions are required in this valuation stage, and we
must not forget to update our list of explicit assumptions. Sometimes, during valuation
we realize that somethings we had originally decided not to measure can and need to be
measured. Thus, there may be a feedback from this stage to Stage 3.

In Stage 5, the explicit values must be adjusted for the timing and uncertainty of
their occurrence. It is in this Adjustment Stage that we must also adjust for the
probabilities of existence of the co-producers of our benefits. These adjustments often
require assumptions regarding discount rates and the various stakeholders' risk
preferences. Thus, once again, we must update our list of assumptions. Finally, in this
stage we must also conduct a sensitivity (i.e., what-if) analysis considering alternative
values for the various assumptions, €. g., alternative discount rates, alternative timings of
occurrence of particular events.

At the conclusion of Stage 5, the analyst's task is complete. In Stage 6, the
decision-maker(s) must consider the valued and the unvalued together from each
stakeholders point of view to arrive at the final assessment of an ASW alternative.
Sometimes this Final Assessment Stage may provide a clear decision regarding the
funding of the project, and sometimes it may lead to a redesign of the ASW project under
consideration to make it more attractive to one or more stakeholders. In the latter case,
we may have to repeat the entire process beginning with Stage 1.

2.4  Implementation Requirements and Advantages

From the many analytical issues I have identified, it should be clear that the
conduct of this methodology cannot be left to the software engineers of an ASW project.
The methodology must be guided by a person who is knowledgeable in the underlying
philosophical, economic, and financial principles. This person would need the advice and
cooperation of people familiar with contract terms and accounting systems, in addition to
the advice and cooperation of the major stakeholders of an ASW project. The first time
we apply this methodology, these requirements may seem prohibitively expensive and
time consuming. However, once the first full study is complete, the methodology will be
easy to apply to other ASW projects since a number of complicated measurement and
valuation issues may be already resolved.

I think that an investment in this methodology will pay back many times over
through better decision-making at KSC. As suggested in the foregoing discussion, the use
of this methodology will also provide the following additional by-products:

(i) No additional efforts needed to justify the decisions to extemal bodies,
(ii) Better product designs of the ASW under consideration,
(iii) Greater cooperation and commitment to the ASW project from the multiple
stakeholders, :
(iv) Greater chance of on-schedule and successful development and implementation,
and (v) Knowing the co-producers of our ASW's benefits may help us work on
improving the probabilities of existence of those co-producers.
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3. A Review of the Current CBA Practice at KSC

Before I say anything else, I must say that I appreciate the willingness of the
authors of the CBAs in attachments A through D to subject their studies to a
methodological review. Given that they had no background or training in the relevant
philosophical and economic issues, 1 admire their creativity and courage in authoring
these studies. I mean no harm or insult to these authors when I point out the conceptual
errors in their methods. I particularly admire them for recognizing, on their own, that
most of their numbers were simply wild guesses, and that the margin of error in their
estimates was perhaps very large. I am most encouraged to find that these authors are
highly interested in obtaining the necessary background, and in developing a better
methodology for the future.

In Section 2, I have already commented on many specific conceptual issues in the
studies represented in Attachments A to D. I will be happy to provide additional detailed
comunents and suggestions to the authors, if they so desire. However, here I want to
review the overall practice of CBAs at KSC. In the light of my proposed methodology,
we can observe many deficiencies in the current practice. However, two important
deficiencies seem to be the root causes of the rest of them.

First, CBAs are not done to actively assist the decisions at hand. Instead, they
seem to be produced for public relations (i.e., justification of past decisions), or
documentation requirements (in the justification of a preferred decision). In project
review meetings 1 observed, CBAs were often introduced casually with phrases such as
"now let us see where we are going with our numbers.” In other words, they are given
little credibility, and practically no scrutiny.

Indeed, at KSC, 1 have observed instances where managers facing complex
problems deliberately avoided CBAs. I believe that this practice is based on the many
misperceptions of what a CBA is, and how it can assist decision-making, discussed
earlier. I hope this report helps correct that misperception. At the same time, as I will
explain in a minute, given the current state of CBA practice at KSC, these managers were

fully justified in avoiding CBAs.

Second, the conduct of CBAs is left to the initiative of software engineers who
have little background, training, or assistance in the pertinent methodology. Thus, each
study seems ad hoc, developing its own methods and concepts. Indeed one engineer
suggested that it was KSC's standard operating procedure "“to build a brand new road
every time we want to go to Orlando!”

Each one of the available studies seems to violate one or more of the fundamental
principles of the CBA methodology. None of the studies I examined tried to capture all
the costs and benefits, as is required by the methodology. None of them made all of their
underlying assumptions explicit, or estimate probabilities that the explicit assumptions
will be valid. Most studies did not seem (o use proper base-lines or proper projection
methods in the measurement of their costs and benefits. They failed to separate

246



13

measurement from valuation, and to address the many issues of valuation from the
perspective of the multiple stakeholders. Even the more commonly understood practices
of the CBA methodology, such as adjusting for time value of money in a multi-year
streamn of costs and benefits, were not used in the CBAs at KSC.

In short, the current practice is seriously deficient.

Speaking as a professor, I am sorry, but I must assign an F grade to this practice.
At the same time, I must add that despite this team grade, most individuals who are
involved in the current practice of CBAs get unqualified A grades. These individuals
have been doing their parts sincerely and to the best of their abilities. They have also
been very cooperative and candid with me and open to my ideas. As will be clear below,
the deficiencies of the current practice are not the fault of any individual.

31  The Vicious Circle

As I think about the two root causes of deficiencies together, 1 have come to
realize that we are caught in a vicious circle which can be described as below:

« Available CBA studies measure only selected (not all) changes brought about by the
development and implementation of a given ASW. At times, they force
quantification of the non-quantifiable, or prediction of the unpredictable. The
baselines used in the measurement are often incorrect. Measurement (in physical
units) is not separated from valuation. Valuation is from a single (as against each
stakeholder's separate) point of view. Values are not adjusted for their probabilities or
timing of occurrence. Sensitivity analysis is not done. In short, many principles of the
CBA methodology are violated.

As a result,

« The focus of the CBA studies is primarily on the quantifiable. Very important but
non-measurable costs, benefits, and risks are left out. The margin of errors in the
quantified estimates is very large. The real values of the Agency mission, the values
of senior managers, the values of the contractors, etc., are not captured by the

analysis.

Then,
o Because CBA s do not capture and address the real values and issues, and because the

studies' estimates are unreliable, Management looks at CBAs not as decision-making
tools, but as mere exercises in generating numbers for external justification of

decisions already made.

Thus,
« Management allocates few resources, and leaves the conduct of CBAs up to the

initiative of the software engineers involved in specific projects.

Next,
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o Lacking resources, and the necessary expertise in economic analysis, but with vested
interests in justifying their projects, courageous software engineers use creative, but
ad hoc and unsound, methods to conduct their CBAs.

But this results exactly in the situation described in the starting bullet of this process, and
the vicious circle continues!

Figure 2 depicts this vicious circle graphically.
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4. Conclusion and Recommendations

I have argued that ASW investment decisions are multi-stage, varied, complex,
risky, and controversial. Therefore, we need a systematic methodology to assist rational
ASW investment decisions. I proposed a formal, explicit, and multi-perspective cost-
benefit analysis (CBA) methodology for this purpose. I outlined a number of rich
concepts and principles of this methodology, and described a six-stage process for its
implementation. In the light of this methodology, we reviewed the current practice of
CBAs at KSC.

Although I have concluded that current practice is seriously deficient, I believe
that most NASA employees already knew that, and many are looking forward to
improving that practice. I think my principal contribution is the identification of the
vicious circle we are in, and consequently, my primary recommendation is:

Break out of that vicious circle.

The methodology I have proposed provides one exit point to break out of this
circle. The other exit point is a change in management's perception of what a good
methodology can do, and its willingness to provide adequate resources and appropriate
expertise to the conduct of CBAs.
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ATTACHMENT A A-1

Excerpts from a CBA of SCAN Replatforming
5. Costa and Bansfita

5.1 Banafita

The benefits for the replatforming of SCAN are difficult to
quantify becauae they are primarily associated with mandated
changes to LSDN. The planned migration toward the OSF
operating aystem will make & pumber of the current SCAN
software componenta (i.e D3M, pialog) obsoclete which means
that replatforming is required. lHowever, with the necessity
for replattorming comes the opportunity for a number of
aignificant improvements to the asystem that will be the main
penefits to the user community. rThe main benefits to be

realized by the new ayatem are as follows.

No required reaynal engineers will be able to perform
useful work immediately after accesaing the syatem. Also,
no garbage collection and no checkpoint operations a3

required bY the LISP language.

databaae which will make all data
t all times and elimination of the
nead to reconatruct a newvw B for each mission.
£limination of KB builda will also mean that systenm
engineers will have acceasa to modified circuitry as soon
as EO modi flcations are entered.

Elimination of unused reports and replacement with reports
that are more in line with the needs of the u3ser

Commupity.

A single on-1line
available to the users a

5.2 Cost Brsakdowna
hat SCAN replat forming will be

[nitial estimates indicate t

an expensive undertaking. There are a number of key isaues

which muat be reasolved and the volume of functionality make
The major element OfFf

the replat forming a non-trivial taak.
coat will be asaociated with software development, although

some cost?a will Dbe accrued by lmplementation as well as
timates are defined in the

revised running coats. Coat es8
following aectiona uasing CASE Methoda estimation tools in
caonjunction with the besat data available at thia time.

5.2.1 Developaent Coast Betimates

The development cost of replattormlng SCAN are best
understood in terma of the four primary development stages

described by CASE Methoda. Theae atages are Analysis,
peaign, puild and pocumentation. Each of these atages are
described below with manpower est imates based on the best

informatian available at thia time.
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stage will verify the findings from the
pand them into gufficient detail to
ibility and a sound foundation

The Analysia
Strategy Stage and ex
engure aystem accuracy, feas

for deaign.

e will take the detailed requirements from
the Analysis stage and f£ind the beat way to fulfill them
and achieve agreed sexvice levels, given the technical
anvironment and previous decisions ob required levels of

The Design 8tag

automation.
rhe Build stage will code and test progxams, using
appropriate tools. These depend on the technical

environment apd types of progvam’ involved.

will deliver uaer manuals and

documentation, which must be
ting tasks in the

The pocumentation gtage
operations hand-over
sufficient to gupport the gyatem tes3
concurrent build stage.

The current manpower estimates agsociated with the described
tasks are a3 follows (calendar weeks equals total man-weeks
dividad by 4.2/ current manping level).

See APPENDIX A.3 Manpower Analyais Summary, for daetaila.

Analyais Stage Total man-dayai 415
Total man-weeksi _95
calendayr weekai 23 -

pesign Stage Total man-daysi _696
Total man-weekai 2139
Calendar weekdi 33

Build Stage Total wan-daysi 118
Total man-weeksi 143
calendar weeks: __ 34

Documentation Stage Total man-dayes 18
Total man-weeks: 4

Calendar weeks; _ 1

ct of this analysis ia an ipdication that the
not be achievable per the original
manning level. current manning

levels indicate that a February 1994 completion date 13 @
more reaagonable estimate. TO meet the planned schedule of a

July 1993 completion date would require increaged manpower as
followsdi

The primary impa
replatforming may
achedule at the current
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Required
dtags Mappaves
Analysis 5,6
Dasign 4.6
Build-poc 8.2

See Appendix A.4, proposed pevelopment SChedulé and

Mileatones, for ach
manpower requirements.

5.2.2 Implementation Ketimates

Implementacion eatimates will depend on hardware decisions
which have not been made at this time. Implementation costs
will also be agsociated with the transition methodology

discussed in aaction 4.3.3.

5.2.3 Ruaning Cost Estimates

Running coat eatimates should be reduced significantly
pecause of the elimination of the Knowledge Baae build tasks
curreatly performed py Data Bank. Running costa will also Dbe
modified by the maintenance level required on any new
hardware. Running costa may pe increased by additional
backup requirements impoaed on LSDN, which may be required to

reliably support the planned RDBMI.

a ia not available at this time, 19 is

While all run cost dat
gystem will present a net

expected that the replatformed
decrease in operational running costs.

5.3 Mmﬂh—w‘“

veraus benefits is virtually impossible
SCAN platforming, for a number of
reasons. The Replatforming is mwandated DY software
obsolascence, the benefits to be gained are not easily
uantifiable and some of the coasts are unknowh at this time.
rhe best that cap pe atated is that the replatforming will be
expenaive a3 indicated by the estimates in section 5.2.1. To
keep theaé costa in perapectiva, it muat be remembered that
it has taken moré than five Yyeara for the SCAN ayatenm to
achieve 1its$ C including effort
agssociated with apptoximately 300 Problem Reports. The costs
included in these estimatesd are a recognition that SCAN is
still a complex gystem and they also represent a commitment
to field @ replatformed gystem, coded correctly the first
time and veady for enhancements that will continue the

reduce the Jyatem Engineering workload.

rhe analyais of cosats
in the context of
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ATTACHMENT B B-1

Costs Benefils Analysls for (he Deployment of the Knowledge Based Aulopomous
Test Englneer (KATE)

INTRODUCTION

KATE is a tool for health monitoring of clectromechanical and fluid systems
which is capable of detecting, isolating and diagnosing failurc causes. Capabilitics exist
for automatic correction of failure is , but is currcnll{ not deployed for use with Shuttle.
Current wosk includes devclopment of & C++ version of l&'f E for usc by the Firing
Room Integration consolc engincer's Vchicle Health Managcment Systein (VHMS).

What follows is & cost benefits analysis for the completc deployment of KATE
into the Firing Room cnvisonment for both jaunch and day to day opcrations. As with all
forccasts, several cavcats and assumptions weirc incorporated rmo this anaysis and arc
stated below. Since the development and deployment of intclligent process contsol and

nonitoring systems are in their infancy at KSC much of the cost data nceded for a

detailed cost benefits ana!ysis cjuhcr docs not cxist of isina fonnaycnvironment i
With that stated, this analysis for KATE must be viewed

which it s difficult to obtain.
nd speculative siudy of costs and benefits of the

as being, In it's essence, 8 qualilatve 8
KATE system. Inarcas where it was felt sufficicnt cost dala cnisted quantitative Dollar
values were cxuapolalcd from this data. For thosc arcas where insufficlent cost data

cxisted & quantitalive cstimaic was derived from plausibility arguments. The derivation
of all the cost benefit valucs have been left outside of the main body of this text and

reside as appendicics al the end of thig report.

ASSUMPTIONS ,

1. ‘This analysis docs not take into account the validation costs for KATE deployment.
this Is duc to the fact that at the present me no decision has been made conceming
the methodology 10 be used in validating non-GOAL, Firing Room resident

applications.

2. This analysis docs not take into account any wansition costs other than cstimates for

raining costs included into assumpiion 45

3. Since at the curremt fime only onc Shuttle system has been implemented in KATE
(KATE-LOX) 8 lincar cxtrapolation of costs Is estimated for an cxpansion in the
cconomy of scale from onc applicallon to 8 firing room wide system.

" 4. A measure of modeclling complexity for 8 Particular Shuttle system is defined as
the numbes of Function Designators (FDs) associated with that system.

This assumption is based

5. A mcasure of model deveclopment dme s given as 8 hi/FD.
(i.c. this includes the time

" on experience and assumcs & KATE ncophytc programmes
acccessary to leam and mode! in KATE).

6. The labor ratc I defined as 40.00 $/he, ( approximate LSOC rate).

.

ORICINAL FaGE IS
Of POOR QUALITY
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SUMMARY OF ANALYSIS

IMMEDIATE BENEFITS (< 3 yrs)

I. KATE can draw conclusions on systcm behavior, both

current and future, based on

analysis of mcasurcment input. Upon opcrational activation, for the integration
consolc alone savings of @ § 150,000 pes vehicle per flow may be realized duc 10
three less suppori engincess being required for daily monitoring operations (non-

active testing). This figuse is based on 3 on-station ¢n
at 60 days per flow. Total cost savings, bascd on six
$ 900,000 per ycar.

POTENTIAL BENEFITS (>3 yrs)

incers working 3 shifts per day
ows per year, would cquate to

2. KATE represents onc analytical too} which can be ised for multiple subsystems by
changing the knowledge basc uscd for reasoning and analysis. Cost savings are in

reduced sysiem development hine since only the knowlcdge base for cach class of

system needs (o be developed. Life cycle cost savings

arc in sustaining cngineering,

since the same rcasoning sofiware is used for all subsysicms.

, | Bstimated Cost Expendi

The costs in developing a total KATE Firing Room sys

em ( including knowledge

bascs for cach Shultle system as well as the KATE shell ) is cstimated to be

@ $ 30 Million.

Note that the capabilitics cuucndmsiding in GOAL pentain only to control and

monitoring capabilitics, whereas
diagnostic capabiliucs.

2.2 Estimated Cost Savings

TE would have thesc with the addition of

Sustaining cnginccring costs for a fully deployed KATE sysiem, on a per year basis

are estimated to be @ $ 5.67 Million.

Note that this sustaining enginccring cost cstimatc Is approximately

less than the cstimated costs for sustaining the cuvent complement of GOAL
sofiware (scc appendix). The KATE sustaining cngincering cost savings for
maintaining ground softwasc that may be realized are ¢stimated 1o be

@ $ 2.33 Million .

Further cost savings arc realized by allowing a reduction in the amount of Shuule
sysiem enginecring labor re uired to perform day-l0- day Shutie monitonng and

inaintcnance operations. Fo lowing other cost beacfit §
advisory sysic

wudics done concerning

ms (sce appendix B) a 13 % reduction in man-powcy may be realizable

without impalring safety. This savings cquatcs 10 approximatlcy 8 savings of § 5.62

Million per yoar.
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The total costs savings that may be realized on a yegrly basis
@ $ 1.95 Million pef ycar.

Other Benefits

is estimated (0 be

3. The same KATE/system yersion can be used for real time data analysisorasa
simulation ool fof training and off-linc sysicm cvaluauon. Cosls savings ar¢ realized

by deleting ihe pecessity of maintaining scparale softwarc for opcralions and training

activites asis currenily done.

4. Reduction in the sizc of launch tcam for all other consolcs ba
as uscd in #1 $ #2.2 above.

OR}C-’H;‘? £ Aar

OF P L
Pl)(:l"l Qup: e
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B-4

APPENDIX A
CONSOLE  FD 8 hr/(d RATE COST/CONSOLE
c2 8000 64,000 hrs @ 40.00 $/hr 32.56 M
3 5600 44,800 — 1.79M
c4 5600 44,800 — 179 M
CcS 2400 19,200 — 077 M
o) 6500 52,000 — 208 M
c? 5100 40,800 — 1.63 M
c8 5900 47,200 — 1.89 M
c9 6400 51,200 — 2.05 M
Cio 4200 33,600 — 1.72 M
INTG 2000 16,000 — 0.64 M
il 7000 112,000 — 4.48 M
Ci2 10,000 160,000 — 6.40 ™
TOTAL $ 27.80 M

ESTIMATED COSTS FOR KNOWLEDGE BASE DEVELOPMENT

into account the uncertainty

I. This estimate was doubled to take
volvong nlgh—speed,dlgltal systems.

in developing KATE applications In
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FO SIZE B-5

CONSOLE
- c2 8000 JOLINES Cet 80,000 LINES
c3 5600 56,000 .
ca 5600 56,000
cS 2400 24,000
c6 6500 . 65,000
c7 5100 51,000
ca 5900 59,000
co 6400 64,000
10 4200 42,000
INTG 2000 20,000
- 2000 70,000
c12 10,000 100,000
TOTAL 68,700 . 4081 K

———

— S

KATE with control : Estimates pased on expertence with the KATE-ALO
gystem suggest @ 15 % Increase {n the amount of

code needed to realize control procedures. -

4,081 K¢ 19% * 4,963 K 1ines

ESTIMATED 512€ OF TOTAL KATE C+? APPLICATION



sust AINING ENGINEERING

GOAL ESTMATES

7 MILLION LINES OF GOAL CODE (@)

100 S/W ENGINEERS (@)

LsocC LABOR RATE @ 40 §/hr

ONE MAN YEAR * 2000 hr
SUSTMN!NG ENGlNEER!NG
CosTS ESTINATE = 2000 hra X 40 $/hr x 100 = § 8,000,000 $/Yr0

1.143 §$/1In€

7,000,000 11N€S

KATE ESTIMATE

4,963,000 ines ¥ 1.143 $/1ine © 5,670,000 AL

pOTENTIAL NET S AVINGS |
_ 5,670,000 $/YR ~ 2,330,000 $/YR

8,000,000 $/YR
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ATTACHMENT C

Excerpis from a CBA of GPSS

COST SAVINGS

1. The dally schedullng meallngs were considerably shornened. | the dally scheduling meeling

would have beef held using the non-Al schedule, appcoxlmalely 83 hours of meaeling lime would
have beei expended for he entira flow. However, because of tha use ol the Al based scheduler,
only 42.03 houis wele spen, yleldin { aboul 40.23 hours. Based on @ rate ol

$34/tw lof each of th iings, the use ol the GPSS schedule
$144,968 (See attachment 1) lor |

josulled In 8 savings ol aboul he engineers’ (e along willh
a savings ol aboul $12,000 for the person who used lo physically *Jay tape” for \he papef

schedulas.

2. neducllonleuminauon ol weekend overllme. Weekend overtime {s expensive but olien
necossary 10 prevent even more costly delays. TPS (Theamal Protaction Syslems) rachnlclans

atitized the G sS scheduler 10 predict required oveitime dur

conliguration. Normally dusing & 1
ihe GPSS scheduler $110,129 was aclually spenl for techniclan suppor!.
). The savings was accrued becau

savings ol $371,621 {See atlachment 2
pradicl weakend overtime and reduce of eliminate ln s0m

contlicts.

S-60, Ov-102 ai@ estimated al $520,809.

Tolal cosl gavings fof 87
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ing this flow pbased on vehicle
$481,950 on overtime. BY utiizing
This esulls in a cosl

se GPSS was able (0
sting of
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ATTACHMENT D -1
RURICON COAT ANALYALH aTupy ~

L._TASK DESCRIPTION

gvaluate the RUDICON concept from all aapecta to datermine if the
cont fnued developmant and asubapequant implementacion fnto CCHS 2 a8
wall aa the office anvivonmeunt will provida a coat poy back for
ahuttle operationa.

IIL_AﬂﬂUHEIIQﬂn
A. RUDICON dovelopwent will continue im the direction deacribed
below.

o The DLES diaplays and code will be used as the RUBICON pps
pyantem monitor., WCC venolution, MDT, PEU duwp analyzer and
ocher analyain applicatlonn will run under the ayatem monitor.

+ha (ollowing ftema are planned for implemeutatlon in FY9

o DLES muat be wodified to allow multiple applications to run
on the same machine and then will becowe RUBICON,

o The MDT CLIPS portion will be {ncorporated to run under this Ny
new RUBICON ayatew.

o wWhere feanible, cthe noftware devaeloped by Rockwall will be
ucilized (ax, WFA keayntrokan) .

o RUBICON must be converted to run under MOTIF,

Future planu/capabllitiau will depend on the direction system
englincering declidoys vo best puit teating needa. .

B. The wanagement ionuea for allowing vehicle wmonltoring from a
cemote locatlon (oucaide the Firlug Room) will be worked.

c. The transmission of data from all 4 vehicles on a single network
will be completed and validated. This ia curvently acheduled to
be cowmplete around the mid-1993 timeframe.

p. The ethernet network uned for the tranamianion of vehilcle data
and workatation to workascation comnunication will be fully
walntained and aupported,

ORIGINAL PAGE IS
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~_ RURICON COBT ANALYAIS arTuny

A. Optiwization of manppower reaourcesa

peacriptions RUBICON can be used either in the offlica or in one

FR to wonitor all 4 vehiclea during tiwmea of vehicle

power-up MONITON ONLY support. It is eatimated that
pps ia in a wonltor only mode approximacely 5% of
che time the vehicle 18 powered up.

gar Savingsi §274,000 (4 eng x $33/hr x 40 he/wk % 52 wka).

PSS curvently aupporta vehicle power up periods 3

ahifuvas a day with 4 engineera on firat shifr, 4 on
gecond ahift and 2 on chird shift for a total of up
to 10 people a day. RUBICON can he utilized as a
wethod for gurvivabilicy by DPS hardware engineera
to continue vahiclae aupport when ahuttle pudgec
cutbackn lwpact tha nuwber of syatew engineern in
the group. ‘the number of engineers supporting
vehicle teating could be reduced to 2 people per
phifr for a votal of 6 people a day without
fwpacting vehicle teating. '

e

~— p. Avoid opening unneceanary IPR‘E

peacriptions Anomalous conditiona that have been seen before and

documented on an 1PR can happen again at o later

date., With no I1PR/PR hiatory data readlily available,
1PR‘'a can be opened only to be reasearched lony
enough to find out that the problem waa ao66n before
and ia an axplained condition. ‘rhe engineer must
then cloage the IPR aa an explained candition.

Est Savingai $18,000/yr¥
fthere hao beeun an average of approxlmately 16
explained condicion IPR‘'8 opened per year (averaged
over the last 12 yeara). It is eatimated that out of
thona 16 IPR'A that RUBICON could have potentially
avoided approximately 9. These problema werée either

R I ET addrenned on previous IPR‘’8 O the data in the RUBICON

OF . 0 2 dactabage could have helped underatand the problem and

'i”fgti' ® avoid opening an IPR. The estimated coat tO open and
ey clone an PR in $2,000 (This figure doea not fnclude

the Lima required to inveatigate the problem) .

c. potential avoidance of an unnecegeary launch sorub
peacription: If the time cemaining in the launch window ig ahorty

by providing a quick, precise explanation or work-
around procedure for an 1CC violation (one that can
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be rationalized as heing OK

to launch given certain

conditions ara met) that would allow the caount to
reauma quickly you could preclude an unnecesaary

launch scuyub,

cat Savingas A winiwum §1 million eavings would be vealized.

. Tradeoff between QOAL veraad RURICON wmaintenance for P8 System

diuplay wonitoring.

peocciption; Once RUNICON is incorporated into C12 application
noftware in CCM3 2, approximatey 12 GOAL display

programn will no longer be ¢

equired.

4hun, the maincenance wmanpower requised on the GOAL

noftware con be redirected
ayatew wonitcor aoftware.

gat Savingai No cost savinga but no addit

E. Iwmproved cralning for new hiren

peascription: When new hires are brought o
must go through extenaive tr
and playback and debugger ca
can ba trained uaing actual
underatanding of how. the DPS
can alaso be inaserted to teat
+hia capability is aquorced
the CCMS sat thua avo aing a
reducing the fwpact on other

o wmalintain the RUBICON

{onal cost incurred,

n board they currencly
aining. wWicth the record
pabilitien, englneern
vehicla data to get an
ayoteain works, Fallurea
reactiona to problewa.
cotally aeperate frow
cheduling conflicca and
ayatems.

on the software development aide, most computer

relaced degreedn require C a8
New hirea can bae wove produc
cimeframe,

Eat Savingas gavinga is _hard to determine
be a aigindflcant amount,

Nt

a prograwming language.
cive in a much ahorter

pbut has the potential

F. offlce/Plring Room tool to reduce the tima it takes to £ind

historical fuformation.

pencription: IPR/PR historical data and t
regearched to aupport anythi
manageinent queationa/concern

he PHW muat often be
ng from general
8 to troublenshoot ing

problema. By pearching a quick acceas databaae for

the required infarmacion you

can reduce the manpower

required Lo provide the neceasar informacion,

rat Savingat $13,000/year

totimated 15 spyatem engineera spending .5 houra per
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D-4

week gearching documents that renide in tha RURICON
dactabano. The tiwe requlred co pearch the PNW on &
apecific cople for example can R reduced by &8 much
ag 20 winuced. )

«path findexr® for new appraached end capabilities for CcH8 2.

pescripciont

gat Savingsi

New approached o wonitoring and analyals can be
ceated and evaluated. 1€ wore effiaolenc cechniqued
can be developed and proven in cthia environment they
could he ucillized faater and eanier in the CCHI 2
environwent. convernely, cechniquea that are teated
but do not work can be poted and cthe aame miatakea
could be avolded in cthe CCMS 2 enviraonwent.

cCMS 2 will require & magaive learning curve. A alde
penefit of thia apd othet aimilar projects will be

a fanter underatanding of new approachen Lo systew
healcl;:mnsitorlnq.

wpath tinder* foxr new approache# and capabllltloa for future
launch vehicled.

pencriptions

gue Savingod

New approachea LO wonltoring and analyals can be
reated and evaluated. 1 woxe efficient ctechniqued
can be developed and proven in thia environment they
could be ucilized faater and eanlaer in o future
1aunch vehicle environment. conversaly. rechniques
chat are reasted but do naot work can pe noted chus
repeating che asane wiatakes8 could bhe avoided in the
new environment.

Fucure launch vehicles will require 8 gignificant
learuing-curva. N alde penefic of thia and octher
aimilac projects will be & faater underacandlng o
new approachea to ayatewm health wonitoring ucilizing
sntace i€ the art® hardware/oottware. portable
gafLwayra wodulen can he reuued,wlth gowe minor
moditicatioua. greatly reducing goftware development
cime/coatt.
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RUAICON COST ANALYSIS 8TUDY

1V, _NEGATIVE COST SAYINGS
M. Dual maintenance of GOAM. diaplays and RUBICON System Monitor.

pescription: bPuriang the cimeframe from October 1993 until CCMS
2 iu operational, there will be maintenance
required on both the GOAL noftware as well as the
Syatew wonitor portion of RUBICON.

Cost Twpact: $4,500/year

Will require approximately 50% manhour increase on
wmanditosy deaiyn centar chaunga packagen. There were
26 wanddtary change drivera (that fwpacted the 12
GOAL diaplay programs that DLES can replaca) gver
the past 2 yeara for a total of approximacely 950
wanhours. Thia figure doea pot include the WCC :
wonicor.,

B. Additional maintenance raguired to waintain CLIPH sules.

peacription: An additiopal .5 engineer would be required to
wmaintain che expert ayaten portion. (Note: T™iae
includes maintenance an the ICC, MDT and any other
CLIPS wodula.)

cont Iwpact: $15,000/year
coat in wore than absorhed in the reduction- of the
punber of ayatew engineera raqulired,

Cc. Additional maintenance raquired for database.

pescription; There will be a ewoll increase in manpower required
to waintain the databage. llowaver, automation
routinea will wake thia task a aimple procedure.
patabase routinea can be run while other taskas are
perfaried, . '

cont Impact; $2,100/year (8 Elown/year x 8 hr/€low x $33/hr)
It will vake an eaciwated 6 houra per flow toO
maintaln the databaae, with dacumentsa on line there’
would be lessa need to manually update the paper
vernion aof the documents, A reduction in document
discribucion can alao be realized as well as
reducing tha amount of paper used,

p. Additional work required to set up additional CM tracking
procedurea.
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pescriptions The initial development of rulea/guidelines will be
a winlwal jmmpact and ia already in work. Thia would
be a one time lmpact that could (like all other
proceases) require periodic wodification.

Coat Impacti No RUBICON coat finpact .
+he oparational ftmpact {a unknown but ahould not
requice a piguificant amount of addicional work.
(Nota: Thio cask will be dona for other syatema
cthat are being developed anyway.)

E. Office hardware malntenance coate.

peacriptioni The UNIX machinea utilized to run RUBICON outaide
of tha CCM3 2 envigomuwent would require walntenance
from timwe to time.

cost Impact: Exact coat ig not known ot this time. The actual

dollar amount will be inaignificant aince there ia

a large scale walntenance contract on the Apollo¥a.,
ro date, no repaic coaca have been incurved (chia
covera a period of approximately 2 yeaya). Plana
are in work ta fold the maincenance of these
workatatious under the LSDN malntenance plan. This
will provide quick turnaround on hardware problema.
Exact coat ia not kunown at cthia time,

P, CLIPS validation.

pescription:i The validacion of the CLIPS portion of RUBICON ia
under review. HNo data exiats on thia at this tiwe,

cost Impacti Exact coat ie not known at thia tima,
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